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FOREWORD 


This  proposal  entitled  "Investigation  for  the  Origin  of 
Magnetic  Properties  in  Amorphous  Metallic  Alloys"  was 
prepared  as  a collaborative  project  by  staff  members  in 
the  Properties  Branch,  Metallurgy  Laboratory,  and  the 
Electronic  Power  Systems  Branch,  Electronic  Power  Con- 
ditioning and  Control  Laboratory,  Corporate  Research  and 
Development  of  the  General  Electric  Company. 

The  following  person  is  authorized  to  negotiate  any 
contract  resulting  from  this  proposal  and  should  be  con- 
tacted if  further  information  is  required. 

H.W.  Lake 

General  Electric  Company 

P.  O.  Box  8 

Schenectady,  New  York  12301 

Telephone  (518)  385-8608 


.'ccr.sf.  •>. 
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INVESTIGATION  FOR  THE  ORIGIN  OF  MAGNETIC  PROPERTIES 
IN  AMORPHOUS  METALLIC  ALLOYS 

Section  I 

INTRODUCTION 

General  Electric  Research  and  Development  Center  started  work  on 
amorphous  metallic  alloys  late  in  1974.  Principal  interest  has  been  in  the 
magnetic  properties  of  these  alloys.  Their  mechanical  properties,  structure, 
stability  and  corrosion  resistance,  and  potential  applications  have  also  been 
studied. 

On  June\,  1976,  a program  focussed  on  "The  Origin  of  Magnetic  Proper- 
ties in  Amorphous  Metallic  Alloys"  was  begun  under  sponsorship  of  the  Office 
of  Naval  Research  (N00014-76 -C-0807).‘’^'TI'iis  renewal  request  will  review  the 
objectives  and  accomplishments  of  the  first  year's  effort  and  the  proposed 
continuation,  andy/iU  describe  an  additional  optional  effort. 


The 
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Section  2 

DESCRIPTION  OF  PROJECT 


CONTRACT  OBJECTIVES 

GENERAL.  OBJECTIVE 

The  general  objective  of  this  project  is  to  develop  an  understanding  of  the 
relationships  between  composition  and  d-c  and  a-c  magnetic  properties,  and 
between  composition  and  stability.  It  is  understood  that  both  composition  and 
preparation  parameters  may  have  an  influence  on  the  properties,  and  that 
both  magnetic  and  structural  stability  are  to  be  considered. 

FIRST  Y K AK’S  EFFORT 

1.  Stress-relief  characteristics  and  magnetic  properties  before  and  after 
stress  relief  are  being  measured  for  alloys  in  the  following  series: 


a. 

(FexNij  -x)8o 

-0.  3 < x 

< 1 

b. 

(Fe.  jNi.  5)^0 

Ph-xB 

8+X  0<X 

< 14 

c. 

0*  exC  Oj  -x)80 

Pl4B6 

0 < x 

< 1 

or  (FexCoj-j 

TI20 

Depending  on 

results 

obtained  in  (b) 

d. 

(FexNiyCoz ), 

80*’l4BH 

selected  valu 

es  of  x. 

y,  and  7. 

or  (l’evNi  Co  )S0Hj0  to  be  determined  as 

x y *■ 

above 

2.  The  magnetic  properties  will  include: 

Saturation  moment,  Ms 
Coercive  force,  Hc 
Curie  temperature,  Te 
Remanence  to  saturation,  Mr/Ms 
Permeability,  M vs  frequency  and  flux  density 
Losses,  VV,  vs  frequency  and  flux  density 
Temperature  variation  of  Ms,  Hc,  ^ , and  W 
Domain  structure 

Stress  sensitivity  of  lic,  Mr/Ms,  and  domain  structure 

3.  The  embrittlement  behavior  will  be  examined  on  some  of  the  alloys, 
to  determine  the  effect  of: 

a.  Replacing  the  P by  B 

b.  Varying  the  Fe/Ni/Co  ratios 
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ACCOMPLISHMENTS 


The  first  year  of  this  ONR -sponsored  work  has  been  extremely  produc- 
tive. Over  50  different  compositions  from  the  general  system  (Fe,  Ni#  Co)x 
(B,  P,  Si,  C)y  have  been  made  into  amorphous  ribbon.  The  magnetic  prop- 
erties of  these  ribbons  have  been  studied  in  detail,  both  as  made  and  after 
various  magnetic  anneals.  Experimental  studies  have  been  combined  with 
theoretical  analysis  to  provide  an  increased  understanding  of  several  impor- 
tant areas,  including: 

• Induced  Magnetic  Anneal  Anisotropy 

• Magnetic  Stability 

• Structural  Relaxation  and  Stability 

• Crystallization 

• Magnetic  Saturation  and  Curie  Temperature 

• Losses,  Permeability,  and  Potential  Applications 

This  work  has  resulted  in  five  papers  submitted  for  publication  in  the 
first  nine  months  of  the  1976-77  contract  period.  Preprints  of  these  papers 
have  been  sent  previously  to  the  ONR  Washington  and  Boston  offices.  The 
significant  results  are  summarized  in  the  following  paragraphs. 

MAGNETIC  ANNEAL  ANISOTROPY 

The  uniaxial  magnetic  anisotropy,  Ku,  induced  by  a magnetic  anneal 
has  been  determined,  after  stress  relief,  for  a series  of  alloys  given  by 
(FeyNi1.y)80B20.  For  all  of  these  alloys  Ku  depends  on  anneal  temperature 
as  predicted  by  directional  order  theory.  The  concentration  dependence  of 
Ku  in  these  alloys  is  also  consistent  with  directional  order  theory.  The 
maximum  Ku,  corrected  for  its  temperature  dependence,  occurs  at  the  com- 
position y = 0.  5.  However,  Ku  does  not  fall  to  zero  at  y = 1 as  predicted  if 
directional  order  is  assumed  to  arise  only  from  Fe-Ni  pair  ordering.  These 
results  are  interpreted  as  suggesting  a role  of  the  glass  former,  boron,  in 
the  directional  ordering,  perhaps  as  an  interstitial.  The  interaction  energy 
derived  from  the  results  is  negative,  as  expected  for  interactions  leading  to 
precipitation.  Its  large  value  of  »>  - 7.  5 x 10"14  ergs  corresponds  to  a critical 
temperature  for  precipitation  of  3000  K. 

MAGNETIC  STABILITY 

Amorphous  Fe^Ni^Bao  responds  to  magnetic  annealing  much  more  slowly 
than  amorphous  F e.joNi4oPuIV  This  implies  that  the  induced  anisotropy  of 
the  phosphorous -free  alloy  is  considerably  more  stable.  Assuming  that  the 
same  species  are  involved  in  the  reordering,  this  suggests  a denser  atomic 
packing  in  the  B alloy  than  in  the  P alloy.  The  amorphous  Fe-Ni -B  alloy 
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follows  kinetics  described  either  as  first  order,  with  a distribution  of  time 
constants  and  activation  energies,  or  as  a second  order  reaction,  with  a sin- 
gle time  constant  and  activation  energy.  This  is  in  contrast  to  the  Fe-Ni-P-B 
alloy,  which  exhibited  first  order  kinetics  with  a single  time  constant  and 
activation  energy. 

This  difference  between  the  phosphorous -free  and  the  P,  B -containing 
alloys  is  attributed  to  the  atomic  uniformity  in  the  reordering  environment 
resulting  from  the  segregation  of  P.  The  second  order  kinetics  observed 
for  the  reordering  of  the  Fe-Ni-B  alloy  suggest  that  two  atoms  may  be  in- 
volved in  the  reordering. 

STRUCTURAL  RELAXATION  AND  STABILITY 


Annealing  amorphous  ribbons  at  temperatures  below  the  crystallization 
temperature  induces  structural  changes  in  addition  to  improving  the  magnetic 
properties.  Specifically,  relaxation  of  internal  stresses  occurs  and  the  rib- 
bons become  brittle.  The  rate  of  stress  relaxation  is  the  same  as  the  rate 
of  magnetic  property  improvement;  in  fact,  it  is  the  interaction  of  the  internal 
strains  with  the  magnetostriction  which  couples  these  two  effects.  The  onset 
of  embrittlement  with  anneal  is,  on  the  other  hand,  a more  complex  effect. 

In  the  phosphorous -containing  alloys  (FexNiy)8oBuBts  embrittlement  occurs  at 
very  low  temperatures  of  the  order  of  100°C.  In  the  phosphorous -free  alloys 
(FexNiy)8oB2o  embrittlement  does  not  occur  until  temperatures  of  the  order 
of  250°C.  Prior  work  in  the  Research  and  Development  Center  indicates  that 
the  easy  embrittlement  of  the  phosphorous  alloys  is  due  to  segregation  of  the 
phosphorous  at  low  temperatures. 

CRYSTALLIZATION 

The  onset  of  crystallation  has  been  determined  as  a function  of  time  and 
temperature  for  three  amorphous  alloys:  Fe^Ni^PuBg,  Fe^Nim^o.  and 
FegoB2o-  In  addition,  the  temperature  for  the  onset  of  crystallization  after  a 
two  hour  anneal  has  been  determined  for  three  series  of  alloys:  FeyNi80.yP14B6, 
FeyNi80_yB20,  and  Fe40Ni40P20 -ZBZ.  All  of  these  results  have  been  compared 
■wiut  results  reported  in  the  literature  for  other  alloys.  An  experimental  cor- 
relation is  observed,  showing  that  the  activation  energy  for  the  initiation  of 
crystallization  is  proportional  to  the  number  of  different  atomic  species  in  the 
amorphous  alloy.  The  thermal  stability,  as  measured  by  &E  or  Tx  (2  hours), 
appears  to  be  proportional  to  Tx  - Tg  as  expected.  The  Fe-B  amorphous 
alloy  was  the  least  stable  of  the  three  alloys  studied.  It  has  a projected  life 
of  25  years  at  175°C;  adequate  for  many,  but  not  all,  magnetic  applications. 

MAGNETIC  SATURATION  AND  C U R I E T E M PF R AT l' R E 


The  magnetic  moment  per  transition  metal  atom  at  0 K and  the  Curie 
temperature  were  obtained  for  a series  of  (Fe,  Ni)a0(P,  B)ao  amorphous 
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quenched  alloy  ribbons.  Fe/Ni  and  P/B  compositions  were  varied  separately 
The  moment  data  can  be  fitted  well  by  assigning  2.  1 Bohr  magnetons  per  Fe 
atom  and  0.  6 per  Ni  atom,  with  the  moment  lowered  by  0.  3 per  B a:om  and 
1.0  per  P atom.  Alternatively,  moments  varying  with  composition  as  shown 
by  neutron  diffraction  in  crystalline  alloys,  combined  with  a lowering  of  1.2 
per  B atom  and  2.  1 per  P atom,  also  fit  well.  For  a given  P/B  composition, 
Tc  shows  a broad  maximum  at  Fe:  Ni  of  about  3:  1.  For  a given  transition 
metal  composition,  Tc  increases  with  increasing  B content. 

LOSSES,  PERMEABILITY,  AND  POTENTIAL  APPLICATIONS 

To  date,  the  amorphous  alloys  have  somewhat  higher  losses  and  lower 
permeabilities  than  have  Fe-Ni  alloys  of  the  same  thickness,  but  the  amor- 
phous alloys  are  significantly  superior  to  the  Fe-Co  and  Fe-Si  alloys.  Appli- 
cations of  the  amorphous  alloys  in  small  electronic  devices  appear  to  be  jus- 
tified where  the  design  optimization  can  make  use  of: 

• The  lower  cost  expected  from  the  amorphous  alloys. 

• The  higher  induction  of  some  of  the  amorphous  alloys  compared  with 
the  Fe-Ni  alloys. 

• Their  lower  losses  and  higher  permeabilities  compared  with  the 
crystalline  Fe-Co  and  Fe-Si  alloys. 

The  high-saturation  amorphous  alloys  of  Fe-B  as  thin  tapes  have  about  one- 
fourth  the  losses  of  the  best  grain-oriented  Fe-3.2#  Si  sheet  steel  measured 
with  sine  flux,  but  the  saturation  magnetization  is  20#  lower. 

The  design  implications  of  these  differences  for  power  devices  is  not 
immediately  clear.  The  temperature  dependencies  of  properties  are  equiv- 
alent to  those  of  the  crystalline  alloys.  The  limiting  metallurgical  life,  de- 
fined as  the  start  of  crystallization,  is  extrapolated  to  be  550  years  at  175°C 
and  25  years  at  200°C  for  the  least  stable,  possibly  useful  alloy  tested  so  far: 
the  FeaoB2o- 

PUBLICATIONS  AND  REPORTS  RESULTING  FROM  THE  CURRENT 
INVESTIGATION 

1.  F.E.  Luborsky  and  J.  L.  Walter,  "Magnetic  Anneal  Anisotropy  in 
Amorphous  Alloys,  " IEEE  Transactions  on  Magnetics,  to  appear  in 
March  1977  issue. 

2.  F.E.  Luborsky  and  J.  L.  Walter,  "Kinetics  of  Reorientation  of  the  In- 
duced Anisotropy  in  Amorphous  Fe4oNi40B2o»  " Materials  Science  and 
Engineering,  to  appear  in  1977. 

3.  F.E.  Luborsky,  "Crystallization  of  Some  Fe-Ni  Metallic  Glasses," 
Materials  Science  and  Engineering,  to  appear  in  1977. 
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4.  F.  E.  Luborsky,  "Perspective  on  Application  of  Amorphous  Alloys  in 

V Magnetic  Devices,  " to  appear  in  Proceedings  of  Second  International 

I Symposium  on  Amorphous  Magnetism  (edited  by  It.  A.  Levy  and 

K.  Hasagawa),  Plenum  Press,  New  York. 

j§  5.  J.J.  Becker,  P.  K.  Luborsky,  and  J.  L.  Walter,  "Magnetic  Moments 

and  Curie  Temperatures  of  (Fe,  Ni)ao(P,  B);o  Amorphous  Alloys,  " 1 F F F 
— Transactions  on  Magnetics,  submitted. 

• 6.  F.  E.  Luborsky,  Magnetic  Annealing  of  Metallic  Classes,  Gordon 

Research  Conference,  July  lt'7l>. 

I 7.  J.J.  Becker,  Application  of  Metallic  Glasses  as  Soft  Magnetic  Materials, 

Pittsburgh  Section,  American  Institute  of  Mining,  Metallurgical  and 
Petroleum  Engineers,  November  5,  197t>. 

PROPOSED  CONTINUATION 

I The  ge  neral  goals  of  this  work  have  been  to  explore,  understand,  and 

define  the  magnetic  capability  of  amorphous  alloys.  The  approach  taken  is 
£ to  systematically  vary  the  composition  and  processing  conditions,  to  measure 

§ the  magnetic  and  structural  properties  both  as  prepared  and  after  various 

thermal,  mechanical,  or  magnetic  treatments,  and  to  try  to  optimize  the 
■ composition  and  process  for  potential  applications.  Significant  progress  has 

1 been  made  during  the  first  year  of  this  program.  Substantial  information 

and  some  understanding  have  been  achieved  in  the  areas  of  induced  anisotropy, 

V magnetic  stability,  structural  relaxation,  crystallization,  losses,  perme- 

1 ability,  saturation,  and  Curie  temperature.  This  progress,  however,  has 

presented  several  new  questions  that  require  further  exploration  to  increase 
I scientific  understanding  and  materials  optimization.  Most  important  is  an 

• understanding  and  improvement  in  the  parameters  of  saturation,  losses,  per- 
meability, and  stability. 

IV  The  specific  approach  during  the  coming  year  will  be  *o  focus  on  the  ef- 

fect of  the  metalloids  in  the  Fex(B,  Si,  Al,  C)j-x  system.  The  objectives  will 
f be  to  try  to  maximize  the  saturation,  stability,  and  ease  of  fabrication  and 

• minimize  the  magnetostriction  and  losses. 

1 SUGGESTED  WORK  STATEMENT 

The  following  statement  is  suggested  to  describe  the  proposed  continua- 
I tion  of  work. 

1.  Magnetic  properties  and  stress  relief  characteristics  will  be  deter- 
■ mined  in  the  iron-rich  alloys: 

• a.  FexBx-x 

| b.  Fe-B-Si,  Fe-B-Si-C,  and  Fe -B-Si- Al 

® c.  Fe-Co-B 
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2.  The  magnetic  properties  will  include: 

Saturation  moment,  Ms 
Curie  temperature,  Tc 
Coercive  force,  llc 
Permeability,  p 
Losses,  W 
Magnetostriction,  X 

OPTIONAL  ADDITIONAL  EFFORT:  MAGNETIC  PROPERTIES 
^CRYSTALLIZED  AMORPHOUS  MATERIAL 

BACKGHOFND 

During  the  course  of  the  current  studies  on  crystallization  of  amorphous 
metals  it  was  noted  that  the  coercive  force  increased  to  50  to  100  oersteds 
after  crystallization.  This  observation  suggests  that  in  the  crystallized  form 
these  materials  may  be  ideally  useful  in  hysteresis  motor  applications. 

At  present,  hysteresis  motors  use  Vanadium  Permendur  or  P-6  alloy 
for  the  critical  magnetic  material.  These  have  a typical  composition  of  45  4 
Fe,  45  $ Co,  6 4 Ni,  4 4 V and  are  used  in  strip  form,  varying  in  thickness 
from  0.  006  to  0.  100  inch.  The  cost  of  these  alloys  is  very  high,  because  of 
the  large  amounts  of  expensive  Co,  Ni,  and  V and  the  additional  expense  of 
reducing  cast  material  to  thin  strip  and  heat  treating.  Alternatively,  amor- 
phous metals  of  the  Feso(B,  Si,  C,  P)jo  family  should  be  considerably  less  ex- 
pensive and  may  perform  much  better. 

The  torque  developed  in  hysteresis  motors  is  proportional  to  the  hyster- 
esis loss  in  the  magnetic  rotor  material.  \Vj1,  or  the  hysteresis  loss,  is 
generally  considered  to  be  the  area  of  the  B-H  hysteresis  loop.  It  is  desirable 
to  obtain  the  highest  possible  value  of  hysteresis  loss.  This,  of  necessity,  is 
limited  by  the  fact  that  the  induction,  B,  and  the  field  intensity,  11,  to  produce 
this  loss  must  be  supplied  by  the  stator.  In  choosing  the  proper  II  and  B and 
material  for  a rotor,  the  designer  should  consider  one  more  important  point: 
that  is,  to  what  degree  does  the  potential  magnetic  material  utilize  the  peak 
values  of  B and  H.  This  can  be  determined  with  a comparison  of  energy  fac- 
tors for  the  different  magnetic  materials  under  consideration. 

There  are  various  magnetic  materials  whose  hysteresis  loops,  when 
superimposed,  could  have  the  same  peak  values  of  B and  H;  however,  the 
hysteresis  loss  or  the  areas  enclosed  by  the  separate  loops  for  the  different 
materials  might  vary  considerably.  For  this  reason  a comparative  relation- 
ship, known  as  the  energy  factor,  has  been  derived  to  analyze  the  hysteresis 
loss  of  magnetic  materials. 
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The  energy  factor  is  determined  by  constructing  a rectangle  with  sides 
parallel  to  the  coordinate  axes  of  the  hysteresis  loop  and  two  opposite  cortwrs 
intersecting  the  peak  points  of  the  hysteresis  loop.  The  ratio  of  the  area  of 
the  loop  to  the  area  of  the  rectangle  is  the  energy  factor.  Materials  used  in 
hysteresis  motors,  for  example,  generally  have  energy  factors  ranging  from 
0.45  to  0.75.  Figure  1 depicts  two  magnetic  materials  that  have  identical 
peak  B and  H values  but  whose  loops  enclose  substantially  different  areas. 
Obviously  the  energy  factor  of  Material  No.  1,  the  solid  line  loop,  is  greater 
than  that  of  Material  No.  2.  It  is  therefore  desirable  to  use  a material  with 
the  highest  energy  factor  possible,  to  achieve  both  high  motor  efficiency  and 
optimum  materials  utilization. 


i 


Energy  Factor  Material  Material 

Rectangle  No.  1 No.  2 


11 


Figure  1.  Two  Magnetic  Materials  Having 

Identical  Peak  Magnetization  \ alues, 
but  Exhibiting  Different  Loop  Areas 


By  plotting  the  energy  factor  versus  peak  applied  magnetomotive  force, 
the  maximum  energy  factor  value  is  found  to  occur  at  the  point  of  maximum 
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permeability.  In  most  cases,  materials  with  steeper  hysteresis  loop  slopes 
have  been  found  to  have  higher  energy  factors;  therefore,  for  maximum  effi- 
ciency and  minimum  size  and  weight  the  hysteresis  rotor  should  be  used  close 
to  the  maximum  energy  factor. 

PROPOSED EFFORT 

Crystallized  amorphous  metals  of  the  Fe80(B,  Si,  C,  P,  Al)20  family  appear 
to  have  the  necessary  characteristics  for  competitive  hysteresis  material 
low  materials  cost,  low  fabrication  cost,  high  residual  induction,  and  proper 
coercive  force.  It  is  proposed  that  the  relevant  properties  of  several  compo- 
sitions from  the  above  alloy  family  be  characterized  after  a variety  of  crys- 
tallization heat  treatments.  The  hysteresis  loops,  hysteresis  losses,  and 
energy  factors  will  be  characterized  as  a function  of  applied  field,  and  the 
composition  and  heat  treatment  will  be  optimized. 

PROPOSED  WORK  STATEMENT 

The  following  work  is  proposed  for  the  optional  additional  effort: 

1.  Magnetic  properties  of  crystallized  alloys  from  the  Fe-B-Si-C -Al-P 
family  will  be  characterized. 

2.  The  composition,  process,  and  heat  treatment  will  be  optimized  for 
hysteresis  applications. 
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Section  3 

PERSONNEL  AND  PROGRAM  ORGANIZATION 
CORPORATE  RESEARCH  AND  DEVELOPMENT  ORGANIZATION 

General  Electric  Corporate  Research  and  Development  has  an  objective 
to  provide  the  technical  background  and  developmental  skills  which  enable 
Company  components  to  establish  new  products  and  businesses.  The  technical 
activities  of  the  Center  are  organized  into  nine  laboratories.  Each  laboratory 
is  under  the  direction  of  a manager  responsible  for  the  full  spectrum  of  tech- 
nical work  --  ranging  from  basic  and  fundamental  research  through  applied 
research,  feasibility  studies,  prototype  engineering,  and  the  transition  stage 
between  development  and  actual  product  engineering.  The  proposed  research 
will  be  carried  out  in  the  Metallurgy  Laboratory  and  the  Electronic  Power 
Conditioning  and  Control  Laboratory  as  a collaborative  research  project. 

These  two  groups  have  an  extensive  background  in  the  development  of  mag- 
netic materials  and  the  conducting  of  related  investigative  studies. 

PROGRAM  ORGANIZATION 

The  responsibility  for  the  direction  and  completion  of  this  program  will 
be  assumed  by  Corporate  Research  and  Development.  Specifically,  Lyman  A. 
Johnson,  Manager  of  the  Properties  Branch  of  the  Metallurgy  Laboratory, 
will  have  management  responsibility  for  the  work.  The  principal  coinvesti- 
gators will  be  Joseph  J.  Becker  and  Fred  E.  Luborsky.  Biographical  sketches 
of  the  personnel  associated  with  this  program  follow. 
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PR.  l.YMAN  A.  JOHNSON 

Munigtr  Properties  Brsnch 
Metallurgy  l .aboratorv 
Corporate  Research  ami  Uevolopmont 
(.lonoral  Kloctric  Company 


KDUCATION:  It  A,  MA,  atul  PhD  lu  Physical  MrttiUurc.v,  Harvard  University, 
1903,  190b,  tuul  1907. 

KXPKRIKNCK:  Ur.  Johnson  has  the  responsibility  for  directing  the  materials 
related  research  mui  development  activities  in  I hr  technical  arras  of 
IH'rtnanont  magnetism,  superconductivity,  semlconduetlvitv,  hljjh 
temperature  oxidation,  ami  directionally  transformed  solid  atato  alloys. 

Ur.  Johnson  joined  tin*  research  staff  of  Conceal  electric  Corporate 
Research  and  Uevolopmont  in  1907.  Ills  technical  work  has  included 
extensive  investigations  of  the  mechanisms  of  metal  fatigue  ami  fail 
ure  aiul  the  development  ami  properties  evaluation  of  eutectic  alloys 
for  hljjh  temperature  structural  applications.  Ur.  Johnson  has  re 
celved  two  IR  100  Awards  for  an  electrochemical  Crack  IVtectlou 
System,  ami  an  Automatic  Uecompression  Computer. 

He  has  boon  awarded  eipht  P.S.  patents.  He  is  a member  of  the 
American  Society  for  Metals,  and  the  American  Institute  of  Mining, 
Metallurgical  ant!  Petroleum  engineers,  and  is  a past  member  of  the 
l’ublleattons  Committee  of  Metallurgical  Trujisnotions. 
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PH.  9 OS  K PH  .1.  1 UH'KI’li 

Metallurgist  - Properties  Branch 
Metallurgy  1 laboratory 
Corporate  Heseareh  and  Development 
General  Electric  Company 


EDUCATION:  BA,  MA,  ami  PhD,  Harvard  University,  1943,  1947,  and  1950. 


EXPERIENCE:  Dr.  Meeker  joined  the  research  staff  of  General  Klectrie 
Corporate  Research  and  Development  in  1950.  His  work  has  dealt 
with  plastic  deformation,  recrystalli/ation,  solid-state  precipitation, 
precipitation  hardening,  magnetic  annealing,  permanent  magnet  ma- 
terials, losses  in  soft  magnetic  materials,  kinetics  of  magnetic  do- 
main boundary  motion,  the  morphology  of  electrochemical  electrode 
processes,  and  the  magnetic  properties  of  amorphous  metallic 
materials. 


In  the  period  1947  to  1950,  he  held  the  position  of  Teaching  Fellow  at 
Harvard  University. 

Dr.  Becker  lias  written  or  coauthored  42  technical  papers  and  articles 
pertaining  to  his  fields  of  work.  He  is  a Senior  member  of  the  Institute 
of  Electrical  and  Electronics  Engineers  and  a member  of  the  American 
Physical  Society,  the  American  Society  for  Metals,  and  the  American 
Institute  of  Mining,  Metallurgical  and  Petroleum  Engineers,  lit'  was 
chairman  of  the  AIME  Electrical  and  Magnetic  Materials  Committee, 
1957-1900;  a member  of  the  AIME  Publications  C ommittee,  1901  1904; 
a member  of  the  Program  I’ommittee,  Annual  I'onferetu  e on  Magnetism 
and  Magnetic  Materials  in  1959,  1959,  1909,  1970,  and  1972;  and  was 
AIME  Representative  for  this  conference  1957-1900.  He  was  a member 
of  the  IEEE  INTKHMAG  Conference  Program  I'ommittee  in  1909.  lie 
was  Publications  Co-chairman  for  the  1975  Conference  on  Magnetism 
and  Magnetic  Materials,  and  for  the  t970  Joint  Conference  with 
INTKHMAG,  and  a member  of  the  Program  Committee  for  both  of 
these  conferences. 


PUBLICATIONS: 


1.  "Orientation  Kclationships  in  the  Roerystallization  of  Deformed 
Copper  Single  Crystals,"  9.J.  Meeker  and  9.N.  llobstetter, 
Trans.  AIME,  H>7,  p.  1235  (1953). 

2.  "Plastic  Deformation  of  Single  Crystals  of  Copper,"  3.9.  Hooker 
andJ.N.  llobstetter,  Trans.  MME,  197,  p.  1231  (1953). 

3.  "Oriented  Growth  in  Primary  Roerystallization,  " 3.3.  Meeker, 
Trans.  AIME,  191,  p.  115(1951). 
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4.  "Magnetic  Method  for  the  Measurement  of  Precipitate  Particle 

Sizes  in  a Cu -Co  Alloy,"  J.J.  Becker,  Trans.  AIME,  209, 
p.  59  (1957). 

5.  "The  Demand  for  Metallurgists  with  Graduate  Training,  " J.  B. 
Hollomon  and  J.J.  Becker,  Metal  Progress,  December  1955. 

6.  "Precipitation  and  Magnetic  Annealing  in  a Cu-Ao  Alloy,"  J.J. 
Becker,  Trans.  Met.  Soc.  AIME,  212,  p.  138  (1958). 

7.  "A  Study  of  Precipitation  Hardening  Employing  Magnetic  Measure- 
ments, " J.J.  Becker  and  J.D.  Livingston,  Trans.  Met.  Soc. 
AIME,  212,  p.  316  (1959). 

8.  "The  Mystery  of  Magnetic  Annealing,"  J.J.  Becker,  Metal 
Progress,  August  1957. 

9.  "Metallurgical  Structure  and  Magnetic  Properties,  " chapter  in 
Magnetic  Properties  of  Metals  and  Alloys,  J.J.  Becker,  ASM, 
Cleveland,  1959. 

10.  "Domain  Boundary  Configurations  During  Magnetization  Re- 
versals, " J.J.  Becker,  J.  Appl.  Phys,  30,  p.  387  (1959). 

11.  "Permeability  and  Losses  in  Ferro-  and  Ferrimagnets,  " C.  P. 
Bean  and  J.J.  Becker,  in  Methods  of  Experimental  Physics, 

Vol.  6,  Academic  Press  (1959). 

12.  "Unusual  Magnetic  Behavior  of  Disordered  Ni3Mn,  " J.J.  Becker, 
C.D.  Graham,  and  J.  S.  Kouvel,  J.  Appl.  Physics,  2$,  p.  518 
(1958). 

13.  "Magnetic  Materials,"  J.J.  Becker,  J.  Met.,  p.  49  (January 
1960). 

14.  "Heat  Treatment  of  Metals,"  J.J.  Becker,  Collier's  Encyclopedia. 

15.  "Recent  Developments  in  Magnetic  Metals  and  Alloys," 

J.J.  Becker,  Metallurgical  Reviews,  7,  p 371  (1962). 

16.  "Magnetization  Changes  and  Losses  in  Conducting  Ferromagnetic 
Materials,"  J.J.  Becker,  J.  Appl.  Phys.,  £1*  P-  1327  (1963). 

17.  "Some  Observations  on  the  Electroplating  and  Deplating  of  Silver," 
J.J.  Becker,  J.  Am.  Electrochem.  Soc.,  Ill,  p 480  (1964). 
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DR.  JOSEPH  J.  BECKER  (Cont'd) 

18.  "Magnetism,  11  Reinhold  Encyclopedia  of  Physics. 

19.  "Magnetic  Annealing  Experiments  in  Some  Cu-Ni-Fe  and  Cu-Nl-Co 
Alloys,"  .1.  J.  Becker,  J.  Appl.  Phys.,  April  1965. 

20.  "The  Magnetic  Anisotropy  of  Fe-Ge  Alloys,"  J.J.  Becker  and  E.  M. 
Symes,  J.  Appl.  Phys.,  April  1965. 

21.  "Magnetically  Hard  Materials,  " chapter  in  Magnetism  and  Mag- 
netic Materials:  1966  Digest,  Academic  Press. 

22.  "Angular  Variation  of  Coercive  Force  in  Permanent  Magnet 
Materials,"  J.  J.  Becker,  J.  Appl.  Phys.,  Trt,  No.  3,  pp.  1015  - 
1017  (1967). 

23.  "A  Family  of  New  Cobalt-Base  Permanent  Magnet  Materials," 

J.J.  Becker,  K.  Stuart,  G.  lloffer,  J.  Olson,  and  W.  Ostertag. , 

J.  of  Appl.  Phys.,  38.  No.  3.  pp.  1001-1002  (1967). 

24.  "Domain-Boundary  Model  for  a High  Coercive  Force  Material,  " 
J.J.  Becker,  J.  Appl.  Phy. , 39,  p.  1270  (1968). 

25.  "Permanent  Magnet  Materials,"  J.J.  Becker,  F.  E.  L.uborsky, 
and  D.  L.  Martin,  IEEE  Trans,  on  Magnetics,  MAG -4,  pp.  84-98 
(1968). 

26.  "Permanent  Magnets  Based  on  Materials  with  High  Crystal 
Anisotropy,"  J.J.  Becker,  IEEE  Trans,  on  Magnetics,  MAC?  -4, 

No.  3,  pp.  239-249  (1968). 

27.  "New  Applications  of  Modern  Magnets,  " by  G.R.  Polgreen,  re- 
viewed by  J.  J.  Becker,  IEEE  Magnetics  Group  Newsletter,  4, 

No.  3 (September  1968). 

28.  "Observations  of  Magnetization  Reversal  in  Cobalt -Rare-Earth 
Particles,"  J.J.  Becker,  IEEE  Trans.  Magnetics,  MAG-5 
(September  1969). 

29.  " Rare-Earth  Compound  Permanent  Magnets,"  J.J.  Becker,  J. 
Appl.  Phys.,  -U.  No.  3.  pp.  1055-1064  (March  1,  1970). 

30.  "Magnetization  Discontinuities  in  Cobalt-Rare-Earth  Particles," 
J.J.  Becker,  J.  Appl.  Phys.,  42,  pp.  1537-1538  (March  1971). 
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31.  "Interpretation  of  Hysteresis  Loops  of  Cobalt-Rare-Earth  Single 
Particles,"  J.J.  Becker,  IEEE  Trans.,  MAG -7,  pp.  644-647 
(September  1971). 

32.  "Angular  Dependence  of  Nucleating  Fields  in  Co-Rare-Earth 
Particles,"  J.J.  Becker,  AIP  Conf.  Proc.  on  Magnetism  and 
Magnetic  Materials,  pp.  1067-1071  (1971). 

33.  "Temperature  Dependence  of  Coercive  Force  and  Nucleating  Fields 
in  CojSm,  " J.J.  Becker,  IEEE  Trans.,  MAG-8,  pp.  520-522 
(September  1972). 

34.  "A  Model  for  the  Field  Dependence  of  Magnetization  Discontinuities 
in  High-Anisotropy  Materials,  " J.J.  Becker,  IEEE  Trans,  on 
Magnetics,  MAG -9,  pp.  161-164  (September  1973). 

35.  "A  Model  for  the  Field  Dependence  of  Magnetization  Discontinuities 
in  High-Anisotropy  Materials,  " J.J.  Becker,  IEEE  Trans,  on 
Magnetics,  MAG-9,  pp.  161-164  (1973). 

36.  "Magnetization  Reversal  Behavior  in  an  Amorphous  Alloy,  " 

J.J.  Becker,  IEEE  Trans,  on  Magnetics,  MAG- 1 1 (5),  pp.  1326- 
1328  (1975). 

37.  "Domain  Observations  in  an  Amorphous  Iron-Nickel  Alloy,  " 

(paper  5C- 3),  J.J.  Becker,  AIP  Conf.  Proc.  - 21st  Annual  Conf. 
on  Magnetism  and  Magnetic  Materials,  Phila. , Pa.,  December 
1975. 

38.  "Magnetic  Annealing  of  Amorphous  Alloy  Toroids,  " J.J.  Becker, 

F.  E.  Luborsky,  and  R.O.  McCary,  Proc.  of  Conf.  - 2 Int'l. 

Conf.  on  Rapidly  Quenched  Metals,  Boston,  Mass.,  November 
1975,  (not  yet  published). 

39.  "Properties  of  Microsamples  of  Sintered  Cobalt -Samarium 
Magnets,"  J.J.  Becker,  Amer.  Inst.  Physics  Conf.  Proc.  24, 
p.  676  (1975). 

40.  "Magnetic  Annealing  of  Amorphous  Alloys,"  J.J.  Becker,  F.E. 
Luborsky,  and  R.O.  McCary,  IEEE  Trans,  on  Magnetics, 

MAG-11  (1975). 

41.  "Reversal  Mechanism  in  Copper-Modified  Cobalt-Rare  Earths," 
J.J.  Becker,  IEEE  Trans,  on  Magnetics,  MAG -12,  pp.  965-967 
(1976). 
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42.  "Magnetic  Moments  and  Curie  Temperatures  of  (Fe,Ni)80(P,]5'2J 
Amorphous  Alloys,  " J.J.  Becker,  F E.  Luborsky,  and 
J.  L.  Walter,  IEEE  Trans,  on  Magnetics,  May  1977  (in  press). 
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DR.  FRED  E.  LUUOKSKV 

Physical  Chemist  - Electronic  Power  Systems  Branch 
Electronic  Power  Conditioning  and  Control  Laboratory 
Corporate  Research  and  Development 
General  Electric  Company 


EDUCATION:  BS  in  Chemistry,  University  of  Pennsylvania,  1947.  PhD  in 
Physical  Chemistry,  Illinois  Institute  of  Technology,  1951. 

EXPERIENCE:  Dr.  Luborsky's  main  field  of  interest  has  been  the  magnetic 
properties  of  materials  --  principally  hard  magnetic  materials,  thin 
films,  and  electrodeposited  films.  Be  is  currently  concerned  with 
high-gradient  magnetic  separation  and  studies  in  amorphous  metallic 
alloys,  lie  has  been  the  key  technology  leader  in  developing  General 
Electric's  plated-wire  memory,  magnetic  disks,  and  Lodex  perma- 
nent magnets. 

He  joined  the  General  Electric  Company  in  1951  and  worked  for  six 
years  in  the  Instrument  Department.  In  1960,  he  transferred  to  the 
research  staff  of  Corporate  Research  and  Development. 

Dr.  Luborsky  has  published  widely  in  the  fields  of  plated-wire  mem- 
ories, magnetic  thin  films,  fine  particles,  and  permanent  magnet 
materials  and  has  been  awarded  ten  U.S.  patents.  Dr.  Luborsky  is 
a Fellow  of  the  American  Institute  of  Chemists  and  the  New  York 
Academy  of  Sciences;  a Senior  Member  of  the  Institute  of  Electrical 
and  Electronics  Engineers;  and  a member  of  the  American  Chemical 
Society,  the  American  Physical  Society,  the  American  Institute  of 
Physics,  the  American  Association  for  the  Advancement  of  Science, 
and  the  IEEE  Magnetics  Society. 

He  has  served  in  many  capacities  in  the  INTER  MAG  and  in  the  Magne- 
tism and  Magnetic  Materials  Conferences  as  Technical  Program  Co- 
chairman,  member  of  the  program  committee  and  as  local  C ochair 
man.  He  is  serving  on  the  Editorial  Board  of  the  International  Journal 
of  Magnetism  and  Magnetic  Materials,  and  is  President  of  the  IEEE 
Magnetics  Society. 

PUBLICATIONS: 

1.  "A  Simple  and  Permanent  Apparatus  for  Demonstrating  Conduc- 
tivity of  Electrolytes,"  II.  Abrams,  W.  Blitzstein,  and  F.  Luborsky, 
School  Science  and  Mathematics,  44,  730  (1944). 


Registered  trademark  of  the  General  Electric  Company. 
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2.  "Molecular  Interaction  in  Dielectrics:  A Review,  " J.l).  Hoffman 
and  F.E.  Luborsky,  Digest  of  Literature  on  Dielectrics  XV.  1 
(1951). 

3.  "The  Base  Strengths  of  Aromatic  Hydrocarbons  Relative  to  Hydro- 
fluoric Acid  in  Anhydrous  Hydrofluoric  Acid  as  the  Solvent," 

M.  Kilpatrick  and  F.  E.  Luborsky,  J.  Am.  Chem.  Soc.  75,  577 
(1953). 

4.  "Frequency  Spectra  From  Point -to- Plane  Corona,"  F.  li  Luborsky 
and  S.  I.  Reynolds,  Phys.  Rev.  89,  338  (1953). 

5.  "The  Conductance  and  Vapor  Pressure  of  Boron  Trifluoride  in 
Anhydrous  Hydrofluoric  Acid,"  M.  Kilpatrick  and  F.  EL  Luborsky, 

J.  Am.  Chem.  Soc.  78,  5865  (1954). 

6.  "The  Dissociation  of  Fluoborate  Ion  in  Anhydrous  Hydrofluoric 
Acid,  " M.  Kilpatrick  and  F.  E.  Luborsky,  J.  Am.  Chem.  Soc.  76, 
5863  (1954). 

7.  "Permanent -Magnet  Properties  of  Elongated  Single -Domain  Iron 
Particles,"  L.l.  Mendelsohn,  F.E.  Luborsky,  andT.O.  Paine, 

J.  Appl.  Phys.  26,  1274  (1955).  (DF  55  MI-106). 

8.  " Effect  of  Shape  Anisotropy  on  the  Coercive  Force  of  Elongated 
Single -Magnetic -Domain  Iron  Particles,"  T.O.  Paine, 

L.l.  Mendelsohn,  F.E.  Luborsky.  Phys.  Rev.  100,  1055  (1955). 

(DF  54  MI-295a). 

9.  "Magnetic  Anisotropy  and  Rotational  Hysteresis  m Elongated  Fine- 
Particle  Magnets,"  I.  S.  Jacobs  and  F.E.  Luborsky,  J.  Appl.  Phys. 
28,  467  (1957).  (Longer  version  in  Proceedings --Conte  re  nee  on 
Magnetism  and  Magnetic  Materials,  October  1956.  AIEE  Special 
Publication  T-91,  February  1957]  (CRD  Reprint  2713). 

10.  "Reproducing  the  Properties  of  Alnico  Permanent  Magnet  Alloys 
with  Elongated  Single -Domain  Cobalt -Iron  Particles,"  F.  E.  Luborsky, 
L.l.  Mendelsohn,  andT.O.  Paine,  J.  Appl.  Phys.  28,  344  (1957). 

11.  "Fine  Particle  Magnets,"  T.O.  Paine,  F.E.  Luborsky,  and 
L.l.  Mendelsohn,  Elec.  Eng.  76,  851  (1957). 

12.  "The  Kinetics  of  Growth  of  Spherical  Iron  Crystallites  in  Mercury," 
F.E.  Luborsky,  J.  Phys.  Chem.  iil,  1336  (1957). 

13.  "Loss  of  Exchange  Coupling  in  the  Surface  Layers  of  Ferromagnetic 
Particles, " F.E.  Luborsky,  Phys.  Rev.  109,  40  (1958). 
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14.  "Relation  Between  Crystallite  Orientation  and  Magnetic  Properties 
of  Elongated  Single -Domnin  Particles,"  E.E.  Luborsky, 

E.  Kullam,  and  D.  Uallgren,  J.  Appl.  Phys.  29,  989  (1958). 

15.  "The  Kinetics  of  Growth  of  Colloidal  Cobalt  Particles  in  Mercury,  " 

E.  E.  Luborsky,  J.  Phys.  Chem.  82,  1131  (1958). 

16.  "Shape  Anisotropy  in  a Wide  Range  Gaussmeter,  " K.  E.  Luborsky 
and  L.  I.  Mendelsohn.  J.  Appl.  Phys.  30,  248S  (1959)  (CRD  Reprint 
No.  3264). 

17.  "Permanent  Magnets  from  Elongated  Single -Domain  Particles,  " 

F. E.  Luborsky,  T.O.  Paine,  and  L.  1.  Mendelsohn,  Powder 
Metallurgy  No.  4,  57  (1959)  (CRD  Reprint  3410). 

18.  "Coercive  Force  and  Remanence  of  25^  to  2000A  Diameter  Cobalt, 
Iron  and  Iron  Cobalt  Alloy,  " F.  E.  Luborsky  and  1 . 0.  Paine, 

J.  Appl.  Phys.  3L  68S  (1960)  (CRD  Reprint  3507). 

19.  "Angular  Variation  of  the  Magnetic  Properties  of  Elongated  Single 
Domain  Iron  Particles,"  F.E.  Luborsky  and  T.O.  Paine,  J.  Appl. 
Phys.  31_,  66S  (1960)  (CRD  Reprint  3527). 

20.  "Interaction  Anisotropy  Model  of  the  Structure  of  Alnico  Magnet 
Alloys,  "T.O.  Paine  and  F.E.  Luborsky,  J.  Appl.  Phys.  3L 
78S  (1960)  (CRD  Reprint  3508). 

21.  "Saturation  Magnetization  and  Size  of  Iron  Particles  Loss  than 

100 X in  Size,"  F.E.  Luborsky  and  P.  E.  Lawrence,  J.  Appl.  Phys. 
32,  231S  (1961)  (60-RL-2577M)  (CRl)  Reprint  3855). 

22.  "Development  of  Elongated  Particle  Magnets,  " F.  E.  Luborsky, 

J.  Appl.  Phys.  32,  171S  (1961)  (60-RL-2581M)  (CRD  Reprint  3843). 

23.  "Formation  of  Elongated  li'on  and  Iron -Cobalt  Particles  by 
Electrodeposition  into  Mercury,  " F.E.  Luborsky,  J.  Klectrochem. 
Soc.  108,  1138  (1961)  (61 -RL-2658M)  (CRD  Reprint  4116). 

24.  "A  Comparison  of  the  Size  of  Spherical  Particles  of  Iron,  Cobalt, 
and  Alloys  of  Iron-Cobalt  in  Mercury  as  Determined  by  Various 
Methods,"  F.E.  Luborsky,  J.  Appl.  Phys.  33,  1909  (1962) 
(61-RL-2847MXCRD  Reprint  4268). 

25.  "The  Absorption  of  Tin  on  Iron  and  Cobalt  Particles  in  Mercury,  " 
F.E.  Luborsky,  J.  Appl.  Phys.  33.  2385  (1962)  (62 -RL-2950M) 

(CRD  Reprint  4287). 


3-10 


• IM1BA10  ELECTRIC 


I 

I 


DR.  FRED  E.  LUBORSKY  (Cont'd) 

26.  "Permanent  Magnets,"  in  Electro -Technology:  1.  "Basic  Behavior 
of  Materials"  70,  No.  1,  100  (1962);  2.  "Examination  of  Commer- 
cial Alloys"  W No.  2,  94  (1962);  3.  "Developmental  Materials"  10. 
No.  3.  107  (1962)  (CRD  Reprint  4372). 

27.  "Particle  Size  Dependence  of  Coercive  Force  and  Remanence  of 
Single  Domain  Particles,  " E.  Kneller  and  F.  Luborsky,  J.  Appl. 
Phys.  34,  656  (1963)  (CRD  Reprint  4474). 

28.  "Hard  Magnetic  Materials"  (Section  11),  F.  E.  Luborsky,  M agnetic 
Materials  Digest  1961  (W.  Palmer,  ed.  ),  Am.  Institute  of  Physics, 
New  York,  1962.  (no  reprints) 

29.  "Absorption  of  Metals  on  Iron  Particles  in  Mercury,"  F.  EL  Luborsky 
andJ.D.  Opie,  J.  Appl.  Phys.  34,  1317  (1963)  (ME  1 18)  (CRD 
Reprint  4501). 

30.  "The  Stabilization  of  the  Size  of  Fine  Iron  Particles  in  Mercury," 

R.  B.  Falk  and  F.  E.  Luborsky,  Trans.  Met.  Soc.  AIME,  2 33, 

2079  (1965)  (CRD  Reprint  5328). 

31.  "The  Effect  of  Cobalt  Content  on  the  Properties  of  Elongated  Iron 
Particles,"  F.E.  Luborsky,  J.  Appl.  Phys.  34,  1706  (1963) 

(ME  115)  (CRD  Reprint  4566). 

32.  "Grain  Growth  in  Some  Alnico  Alloys,"  F.E.  Luborsky 

and  K.  T.  Aust,  Trans.  AIME,  227,  791  (1963)  (MO-0604M)  (CRD 
Reprint  4592). 

33.  "Crystallographic  Orientation  and  Oxidation  of  Submicron  Whiskers 
of  Iron,  Iron-Cobalt,  and  Cobalt,  " F.E.  Luborsky,  E.F.  Koch, 
andC.R.  Morelock,  J.  Appl.  Phys.  34,  2905  (1963)  (63-RL-3295M) 
(CRD  Reprint  4(j41). 

34.  "Hard  Magnetic  Materials"  (Section  11),  F.  E.  Luborsky,  Magnetic 
Materials  Digest.  The  Literature  of  1962  (M.H.  Francombe  and 
A.  J.  Heeger,  eds.  ),  M.W.  Lads  Pub.  Co.,  Philadelphia,  Pa., 

1963. 

35.  "The  Magnetic  Field  on  a Sample  in  the  Electron  Microscope,  " 

F.E.  Luborsky  and  E.F.  Koch,  Rev.  Sci,  Instr.  3L  1141  (1963) 
(63-RL-3386M)  (CRD  Reprint  4672). 


3-11 


i - 


DR.  FRKD  K.  LUBORSKY  (Cont'd) 


d 

d 

d 

d 

d 

3 

d 

d 

d 

d 

is 

d 

d 

d 

« 


36.  "The  Formation  of  Elongated  Iron  and  FeCo  Particles  by  l.'lectro- 
deposition  into  Mercury"  (pp.  236-261);  and  "The  Application  of 
Ultrafine  Particles  to  the  Fabrication  of  Permanent  Magnets" 

(pp.  488-613),  F.  F.  Luborsky,  Pltrafine  Particles  (editor-in-chief, 
W.E.  Kuhn),  John  Wiley  and  Sons,  Inc.,  New  York,  1963. 

37.  "Magnetic  Exchange  Anisotropy  in  Mixtures  of  Barium,  Strontium, 
or  Lead  Ferrite  with  Potassium  Ferrite,"  W.  L.  Roth  and 

F.E.  Luborsky,  J.  Appl.  Phys.  35,  966  (1964)  (63-RL-3508M) 
(CRD  Reprint  4789). 

38.  "Magnetization  Reversal  of  Almost  Perfect  Whiskers,"  F.E. 
Luborsky  and  C.  R.  Morelock,  J.  Appl.  Phys.  35,  2055  (1964) 
(64-RL-3555M)  (CRD  Reprint  4911). 

39.  "Recent  Advances  in  the  Removal  of  Magnetic  Foreign  Bodies 
from  the  Esophagus,  Stomach,  and  Duodenum  with  Controllable 
Permanent  Magnets,  " F.  E.  Luborsky,  B.  J.  Drummond,  and 
A.Q.  Penta,  M.D.,  Am.  J.  Roet.  Radium  and  Nuc.  Medicine  92, 
1021  (1964)  (64-RL-3595M)  (CRD  Reprint  5180).  Also  appeared 
in  Eye,  Far,  Nose  and  Throat  Monthly,  p.  66  (April  1965). 

40.  "Magnetization  Reversal  in  Cobalt  Whiskers,  " F.  E.  Luborsky 
andC.R.  Morelock,  Proc.  International  Conf.  on  Magnetism, 
Nottingham,  Sept.  1964,  p.  763  (1965)  (64-RL-3787M)  (CRD 
Reprint  50+8). 

41.  "Permanent  Magnets  in  Use  Today,"  F.E.  Luborsky,  J.  Appl. 
Phys.  37,  1091  (1966)  (65-C -093)  (CRD  Reprint  KL-5382). 


42.  "Permanent  Magnets,"  F.E.  Luborsky  and  R.  J.  Parker,  Magnet  ic 
Materials,  Reinhold,  New  York  (66 -C -252). 

43.  "Magnetic  Properties  and  Annealing  Behavior  of  Electrodeposited 
NiFeS  Thin  Films, " F.E.  Luborskv,  J.  Appl.  Phys.  38,  1445 
(1967)  (66-C-437)  (CRD  Reprint  5675). 


« 


44.  "A  Comparative  Study  of  Various  Tests  for  Normality,  " F.  E. 
Luborsky,  J-  Am.  Stat.  Assoc.  (1967). 

45.  "Switching  Characteristics  of  MINOS  Structure,  " F.  E.  Luborsky, 
Applied  Phvsics  Letters  (1968). 


46.  "Redundancy  m LSI  Memory  Array,"  IEE  J.  of  Solid  State  Circuits 

(1968). 


3-12 


J 


SEN(RAl£}  ELECTRIC 


DR.  FRED  E.  LUBPRSK V (Cont'd) 

47.  "Kinetics  of  Annealing  of  Permalloy  Films  with  Increasing  Con- 
centrations of  Sulfur,  " F.  E.  Luborsky  and  W.  D.  Barber,  J.  Appl. 
Phys.  39,  746  (1968)  (CUD  Reprint  5888). 

48.  "Electrodeposited  Films,"  F.E.  Luborsky,  IEEE  Trans,  on 
Magnetics.  MAG -4,  19  (1968)  (CRD  Reprint  5984). 

49.  "Permanent  Magnet  Materials,"  J.J.  Becker,  F.E.  Luborsky, 
and  D.  L.  Martin,  IEEE  Trans,  on  Magnetics,  MAG -4,  84  (1968) 
(CRD  Reprint  6045). 

50.  "Aging  and  Stabilization  of  Permalloy  Films,  " F.  E.  Luborsky, 
IEEE  Trans,  on  Magnetics,  MAG -4,  511  (1968)  (CRD  Reprint  60911 

51.  "Thin  Films  --  Preparation  and  Structure,  " (Chap.  11C),  F.E. 
Luborsky,  1968  Digest  --  Magnetism  and  Magnetic  Materials 
(H.  Chang  and  T.  McGuire,  eds.  ),  Academic  Press,  New  York, 
1968. 

52.  "Influence  of  the  Substrate  and  Electrolyte  on  the  Composition  and 
Properties  of  Thin  Electrodeposited  NiEe  Films,  " F.  E.  Luborsky, 
IEEE  Trans,  on  Magnetics,  M AG  - 5,  106  (1969)  (CRD  Reprint  6383). 

53.  "Influence  of  Porosity  of  Thin  Gold  Layers  Used  as  the  Substrate 
for  Electrodeposited  Permalloy,  " F.  E.  Luborsky,  J.  Electrochem. 
Soc.,  H7,  76  (1970)  (CRD  Reprint  6527). 

54.  "High  Coercive  Force  Films  of  Cobalt -Nickel  with  Additions  of 
Group  YA  and  YIB  Elements,  " F.  E.  Luborsky,  IEEE  Trans. 
Magnetics,  MAG  -6,  502  (1970)  (CRD  Reprint  6698). 

55.  "The  Origins  of  Nondestructive  Readout  of  Plated  Wires,  " F. 
Luborsky,  R.  E.  Skoda,  andW.D.  Barber,  J.  Appl.  Phys.  42, 

1428  (1971)  (CRD  Reprint  6835). 

56.  "The  Influence  of  Co  on  the  Annealing  of  Zero  Magnetostriction 
NiFeCo  Films,  " F.E.  Luborsky,  II  EE  Trans.  Magnetics,  MAG -6, 
851  (1970)  (CRD  Reprint  6574). 

57.  "Identification  of  Gold  Islands  on  Copper  Plated  Wire  Surfaces  by 
Cyclic  Voltammetry,"  M.W.  Brieter  and  F.E.  Luborsky,  J. 
Electrochem.  Soc.,  1 18,  867  (1971)  (CRD  Reprint  6901). 


58.  "Memory  Characteristics  of  2.2  mil  Plate  Wire  Memory,"  A. 

Chen,  W.  D.  Barber,  and  F.E.  Luborsky,  IEEE  Trans.  Magnetics, 
MAC. -7.  494-497  (1971)  (CRD  Reprint  6941). 


6ENIRA10  ELECTRIC 


DR.  FRED  K.  LUBORSKY  (Cont'd) 

59.  "Nondestructive  Readout  in  Plated  Wires,  " F.  E.  Luborsky  and 
W.D.  Barber,  IEEE  Trans.  Magnetics,  MAC! -7.  490-493  (1971) 
(CRD  Reprint  6933). 

60.  "Characterization  of  a Gold-Copper  Composite  Surface  for  Plated 
Wire  Memory,"  F.  E.  Luborsky,  M.W.  Briefer,  and  B.  J. 
Drummond,  J.  Electrochem.  Soc.,  119,  92  (1972)  (CRD  Reprint 
7029). 

61.  "Magnetic  Film  Materials,"  F.  E.  Luborsky  and  R.O.  McCary, 
Proceedings  IEEE  59,  1474  (1971MCRD  Reprint  6921). 

62.  "Electrolytic  Determination  of  Exposed  Tungsten  on  Gold-Plated 
Tungsten,"  F.E.  Luborsky,  M.W.  Brieter,  and  B.  J.  Drummond, 
Electrochemica  Acta,  1_7,  1001  (1972)  (CRD  Reprint  7078). 

63.  Post -Colloquium  Memorandum  " Electrodeposited  and  Sputtered 
Films,"  F.E.  Luborsky,  Fifth  International  Colloquium  on  Mag- 
netic Thin  Films,  Mt.  Fuji  Area,  Japan,  16-19  April  1972,  p.  14. 

64.  "NDRO  Plated  Wire  Preparation,  Stabilization,  and  Aging,  " F.E. 
Luborsky,  IEEE  Trans.  Magnetics,  MAG -8,  625  (1972)  (CRD 
Reprint  7159). 

65.  "Some  Factors  Controlling  the  Uniformity  and  Properties  of  NiFe 
Plated  Wire,  " F.E.  Luborsky,  B.  J.  Drummond,  and  W.  D.  Barber 
IEEE  Trans.  Magnetics,  MAG -9,  495  (1973)  (CRD  Reprint  7414). 

66.  "Experimental  Evaluation  of  Cell  Designs  for  Plated  Memory 
Wire,  " F.  E.  Luborsky  and  B.  J.  Drummond,  Plating,  CD,  243 
(1974)  (CRD  Reprint  7535). 

67.  "Selected  Characteristics  of  Plated  Wire  from  Various  Sources,  " 

F.  E.  Luborsky  and  B.  J.  Drummond,  IEEE  Trans.  Magnetics, 
MAG-10.  78  (1974)  (CRD  Reprint  7506). 

68.  "Characteristics  of  Multilayer  Magnetic  Film  Plated  Wire  from 
Various  Vendors,  " F.E.  Luborsky,  B.J.  Drummond,  R.O.  McCary, 
W.  Fahy,  and  W.  Sheerin,  IEEE  Trans.  Magnetics,  MAG  - 10,  560 
(1974)  (CRD  Reprint  7564). 

69.  "High  Gradient  Magnet  Separation  Theory  vs  Experiment,  " F.  E. 
Luborsky  and  B.J.  Drummond,  IEEE  Trans.  Magnetics,  MAG  - 1 1, 
1696  (1975)  (CRD  Reprint  7801). 


3-14 


■ 


CENtltAL  ELECTRIC 


DR.  FRED  E.  LUBORSKY  (Cont'd) 

70.  "Magnetic  Annealing  of  Amorphous  Alloys,"  F.E.  Luborsky, 

J.  J.  Becker,  andR.O.  McCary,  IEEE  Trans.  Magnetics,  MAG-1 1, 
1644  (1975)  (CRD  Reprint  7800). 

71.  "Magnetic  Annealing  of  Amorphous  Alloy  Toroids,  " Paper  F-4, 

F.E.  Luborsky,  R.O.  McCary,  and  J.  J.  Becker,  Proceedings  of 
Second  International  Conf.  on  Rapidly  Quenched  Metals,  Nov.  1975. 

72.  "High  Gradient  Magnetic  Separation  --  A Review,  "F.E.  Luborsky, 
Proc.  21st  Annual  Conf.  on  Magnetism  and  Magnetic  Materials, 

AIP  Conference  Proc.  No.  29  (Dec.  1975),  pp.  633-638. 

73.  "Kinetics  of  Reorientation  of  Magnetically  Induced  Aurotropy  in 
Amorphous  Ni40Fe4oPi6B4,  " F.E.  Luborsky,  Proc.  21st  Annual 
Conf.  on  Magnetism  and  Magnetic  Materials,  AIP  Conference 
Proc.  No.  29  (Dec.  1975),  pp.  209-210. 

74.  Proceedings  of  the  Second  International  Conference  on  Rapidly 
Quenched  Metals  (Section  I),  (N.  J.  Grant  and  G.  C.  Giessen,  edi- 
tors), Massachusetts  Institute  of  Technology,  Cambridge,  Mass.  (1975). 

75.  "An  Auger  Analysis  of  the  Embrittlement  of  the  Amorphous  Alloy 
Ni40Fe4oPuB6,  " J.  L.  Walter,  F.  Bacon,  and  F.  E.  Luborsky, 

J.  Materials  Science  and  Eng.,  24,  239-245  (1976). 

76.  "Build-up  of  Particles  on  Fibers  in  a High  Field-High  Gradient 
Magnetic  Separator,"  F.E.  Luborsky  and  B.  J.  Drummond,  IEEE 
Trans.  Magnetics,  MAG- 12,  463  (1976). 

77.  "Cold  Rolling  and  Annealing  of  Amorphous  Ribbons,"  F.  E. 

Luborsky,  J.L.  Walter,  and  D.  G.  LeGrand,  Proceedings, 

Joint  MMM-INTERMAG  Conference,  Pittsfield,  Mass. 

June  1976. 

78.  "Permanent  Magnet  Materials,  " F.E.  Luborsky,  Metals  Handbook, 
American  Soc.  for  Metals,  (submitted  1/76). 

79.  "Stability  of  Amorphous  Metallic  Alloys,  " F.E.  Luborsky  and 
J.L.  Walter,  J.  Materials  Science  4 Engineering,  (submitted  2/76). 

80.  "Magnetic  Properties  of  Cold  Rolled  and  Annealed  Amorphous 
Alloy,"  F.E.  Luborsky,  J.L.  Walter,  andD.G.  LeGrand,  Joint 
MMM-INTERMAG  Conf.,  (submitted  6/76). 


3-15 


3-2 


6 1 ril  it  At  ^ tttCTniC 


DR.  FRED  K.  LUBORSKY  (ContM) 

81.  "Magnetic  Anneal  Anisotropy  in  Amorphous  Alloys,"  F.E.  Luborsky 
and  J.  L.  Walter,  IEEE  Trans.  on  Magnetics,  (submitted  8/76). 

82.  "Magnetic  Moments  and  Curie  Temperatures  of  (Fe,  Ni)80(P,  D)2o,  " 
J.J.  Becker,  F.K.  Luborsky,  anti  .1.  L.  Walter,  IEEE  Transactions, 
(submitted  8/76). 

83.  "Crystallization  of  Some  Fe-Ni  Metallic  Classes,  " F.K.  Luborsky, 

J.  Appl.  l’hys.,  (submitted  0/76). 

84.  "Perspective  on  Application  of  Amorphous  Alloys  in  Magnetic 
Devices,  " F.  K.  Luborsky,  Proceedings  of  2nd  International 
Conference  on  Amorphous  Magnetism,  (submitted  8/76). 

85.  "Amorphous  Magnetic  Materials,"  F.  10.  Luborsky,  F neve  loped  in 
of  Chemical  Technology,  3rd  ed. , John  Wiley  & Sons,  New  York, 
(submitted  11/76). 

86.  "Small  Angle  X-Ray  Scattering  from  the  Amorphous  Alloy 
Fe^oNi^l'uBg,  " J.  L.  Walter,  D.G.  LeGrand,  and  F.K.  Luborsky, 
Materials  Science  & Engineering,  (submitted  *2/76). 

87.  "Magnetically  Induced  Anisotropy  in  Amorphous  Alloys  of  Fe-Ni- 
P-B,  " F.  E.  Luborsky  and  J.  L.  Walter,  IFF F Trans.  Magnetics, 
(submitted  1/77). 

88.  "Stability  of  Amorphous  Metallic  Alloys,  " F.  E.  Luborsky  and 
J.  L.  Walter,  J.  App' . l’hys.  (submitted). 


